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The title compound, C12H17N3OS, crystallizes with two 
independent molecules (A and B) in the asymmetric unit. 
The dihedral angle between the mean planes of the benzene 
ring and the hydrazinecarbothioamide group are 6.9 (4) and 
37.2 (5)° in molecules A and B, respectively. An intra- 
molecular O— H- ■ N hydrogen bond is observed in each 
molecule. This serves to maintain an approximately planar 
conformation for molecule A, but leaves a significant twist 
between these two groups in molecule B. In the crystal, a weak 
N— H- ■ -S interaction is observed, forming inversion dimers 
among the B molecules and resulting in an i?i(8) motif. These 
dimers are further interconnected by weak N— H- ■ O and 
C— H- ■ O intermolecular interactions, forming chains along 
[Oil]. 

Related literature 

For the biological activity of thiosemicarbazones, see: Chellan 
et al. (2010). For binding motifs of thiosemicarbazones, see: 
Lobana et al. (2009). For thiosemicarbazones as ligands in 
catalysis, see: Xie et al. (2010). For related structures, see: 
Anderson et al. (2012, 2013fl,6). 




Experimental 

Crystal data 

CuHivNjOS 
A/, = 251.34 
Triclinic, P\ 
a = 7.4253 (4) A 
b = 8.7713 (4) A 
c = 20.7093 (11) A 



a = 96.238 (4)° 
p = 94.400 (5)° 
y = 100.177 (4)° 
V = 1313.35 (12) A' 
Z = 4 

Mo Ka radiation 



IJ. = 0.24 mm 
r= 173 K 

Data collection 

Agilent Eos Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO and CrysAlis 

RED; Agilent, 2012) 

r„i„ = 0.693, r„„„ = 1.000 

Refinement 

R[F^ > 2aiF^)] = 0.070 

wR(F^) = 0.204 

S = 1.09 

8692 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



0.28 X 0.24 X 0.12 mm 



17011 measured reflections 
8692 independent reflections 
5875 reflections with / > 2cr(/) 
Ri„, = 0.038 



315 parameters 

H-atom parameters constrained 
Ap„ax = 0.66 e A"' 
^Pmm = -0.38 e A"' 



D-H-A 


D-H 


H---A 


D- - -A 


D-H---A 


01^-HM-N3^ 


0.84 


1.85 


2.589 (2) 


146 


ClOA-HlOB-OlS' 


0.98 


2.45 


3.406 (3) 


164 


01B-H1B-N3B 


0.84 


1.81 


2.545 (2) 


146 


mB-HlBA- - -OlA" 


0.88 


2.36 


3.076 (2) 


139 


N2B-H2B- ■ SIB"' 


0.88 


2.52 


3.320 (2) 


152 



Symmetry codes: (i) 

-.V, -V, -z-H. 



-.v + l.-y + l,-z-|-l; (ii) 



-z 1; (ill) 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis RED (Agilent, 2012); 
program(s) used to solve structure: SUPERFLIP (Palatinus & 
Chapuis, 2007; Palatinus & van der Lee, 2008; Palatinus et al., 2012).; 
program(s) used to refine structure: SHELXL2012 (Sheldrick, 2008); 
molecular graphics: OLEX2 (Dolomanov et al, 2009); software used 
to prepare material for publication: OLEX2. 

JPJ acknowledges the NSF-MRI program (grant No. CHE- 
1039027) for funds to purchase the X-ray diffractometer. 

Supporting information for this paper is available from the lUCr 
electronic archives (Reference: FJ2676). 
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N-Ethyl-2-[l-(2-hydroxy-4-methylphenyl)ethylidene]hydrazinecarbothioamide 
Brian J. Anderson^ Jeffrey R. Hall and Jerry P. Jasinski 

1 . Comment 

Thiosemicarbazones are a versatile class of ligands that have been studied for their biological activity (Chellan et al, 
2010), interesting binding motifs (Lobana et al., 2009), and their use as ligands in catalysis (Xie et al, 2010). We have 
previously reported the structure of three similar novel thiosemicarbazones (Anderson et al, 2012; Anderson et al, 
2013a; Anderson et al, 20136). Here, we report the synthesis and crystal structure of a new novel thiosemicarbazone 
Hgand, (I), C12H17N3OS. 

The title compound, (1), crystallizes with two independent molecules (A & B) in the asymmetric unit (Fig. 1). The 
dihedral angles between the mean planes of the benzene ring and the hydrazinecarbothioamide group is 6.9 (4)° 
(N3A/N2A/C1A/S1A/N1A) and 37.2 (5)° (N3B/N2B/C1B/S1B/N1B). An intramolecular O— H-N hydrogen bond is 
observed serving to maintain an approximately planar conformation in A. However in B there is a significant twist 
between these two groups. In the crystal, a weak N2B — ^H2B— SIB intermolecular interaction is observed forming 
inversion dimers among the B molecules in an R2^[8] motif format (Fig. 2). These dimers are fiarther intercormected by 
weak NIB — HIBA— OlAand ClOA — HHIOB—OIB intermolecular interactions (Table 1) forming pol5mieric chains 
along [Oil]. 

2. Experimental 

A25 mL round bottom flask was charged with 0.1986 g (1.428 mmol) of 4'-methylacetophenone, 0.1702 g (1.428 mmol) 
of 4-ethyl-3-thiosemicarbazide and dissolved m 5 mL of a 1:1 ethanol: water solution and refluxed for 96 hours (Fig. 3). 
The reaction was allowed to cool to room temperature before dichloromethane (5 mL) and deionized water (5mL) were 
added, and the organic layer was separated. The aqueous layer was then extracted with an additional 5 mL of dichloro- 
methane. The organic layers were then combined, washed with brine (2X5 mL), dried with magnesium sulfate, and the 
solvent removed in vacuo resulting in an off-white powder. The product was recrystallized from dichloromethane. m.p. 
428^31 K. 

3. Refinement 

All of the H atoms were placed in their calculated positions and then refined using the riding model with Atom — H 
lengths of O.95A (CH), 0.99A (CH2), 0.98A (CH3), O.SSA (NH) or 0.84A (OH). Isotropic displacement parameters for 
these atoms were set to 1.2 (CH, CH2, NH) or 1.5 (CH3, OH) times C/eq of the parent atom. Ideahsed Me refined as 
rotating group. Ideahsed tetrahedral OH refined as rotating group. 
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Figure 1 

ORTEP drawing of (I), C12H17N3OS, showing the labehng scheme of molecules A and B with 30% probability 
displacement ellipsoids. 




Figure 2 

Molecular packing for (I) viewed along the a axis. Dashed lines indicate weak N2B — H2B-- S1B intermolecular 
interactions forming inversion dimers among the B molecules in an R2^[8] motif format. These dimers are further 
interconnected by weak NIB — HIBA - OIA and ClOA — HHIOB - OIB intermolecular interactions forming polymeric 
chains along [Oil]. 
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Reflux 




Figure 3 

Reaction scheme. 

iV-Ethyl-2-[1-(2-hydroxy-4-methylphenyl)ethylidene] hydrazinecarbothioamide 



Crystal data 

CzHnNsOS 
M, = 25 1.34 
Triclinic, PI 
a = 7.4253 (4) A 
Z7 = 8.7713 (4) A 
c = 20.7093 (11) A 
a = 96.238 (4)° 
yff = 94.400 (5)° 
7= 100.177 (4)° 
F= 1313.35 (12) A' 

Data collection 

Agilent Eos Gemini 

diffractometer 
Radiation source: Enhance (Mo) X-ray Source 
Graphite monochromator 
Detector resolution: 16.0416 pixels mm ' 
CO scans 

Absorption correction: multi-scan 
(CrysAHs PRO and CrysAlis RED; Agilent, 
2012) 

Refinement 

Refinement on 
Least-squares matrix: full 
R[I^ > 2o-(7^)] = 0.070 
wR{F^) = 0.204 

1.09 
8692 reflections 
315 parameters 
0 restraints 



Z = 4 

F(000) = 536 

Z),= 1.271 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 4160 reflections 

61 = 3.6-32.3° 

fi = 0.24 mm"' 

T= 173 K 

Irregular, colourless 

0.28 X 0.24 X 0.12 mm 



r„i„ = 0.693, r„ax = 1.000 

1 70 1 1 measured reflections 
8692 independent reflections 
5875 reflections with/> 2a(I) 
7?te = 0.038 

= 32.9°, ft„„ = 3.1° 



A = -ll^ll 
A: = -12^13 
/ = -26^30 



Primary atom site location: structure-invariant 

direct methods 
Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[(72(P„2-) + (o.0861P)2 + 0.5803P] 

where P = (Po2 + 2F,2y3 

(A/,T)„ax = 0.002 

A/),„ax = 0.66 e A-^ 
Ap„,„ = -0.38eA-3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y Z ^so*/C/eq 

SIA 0.83372 (9) 0.27257 (8) 1.00813 (3) 0.04037 (17) 
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OlA 


0.6515 (3) 


0.23324 (18) 


A 1 0*0 /0\ 

0.72182 (8) 


A AO/'T / A\ 

0.0367 (4) 


HIA 


U.o/j3 


A ^cnci 

u.zDuy 


0. /OZD 


A ACC* 


JN lA 


U.ooU4 (4j 


U.i4Dz (2) 


A OAAn /I A\ 

u.oyu3 / (10) 


A r\A A c /■c\ 

0.0445 (5) 


XJ1 A A 

HIAA 






A QAQC\ 


0.053^ 






U.3y /o (z) 


A onoco /n\ 


A AOAO /'A\ 

O.Uz9z (4) 


m A 
HzA 


u.oo /y 


A /I 0 ^ T 


A AT^A 

o.yzzo 


A AO C * 

0.035^ 


XT'! A 

JN3A 


U.oUUl (3) 


u.3yu/ (z) 


A 00 1 nc /Q\ 

U.o31 /j (0) 


0.0zo4 (3) 


CIA 


0.7795 (3) 


A 0 C /O \ 

0.2685 (3) 


A AO 0 1 T / 1 A\ 

0.92817 (10) 


A AOAO //1\ 

0.0308 (4) 


C2A 


U.oJzU (3 ) 


A C 1 0 0 /OA 

U.J 13o (zj 


A Q A/I AC / 1 A\ 

U.oU4U!> (lU) 


A AT/;0 A 

U.Uzoz (4) 


CiA 


A 0 1 on /"3\ 
U.oloy (3) 


A ylAAC /T\ 

yjAyyj (z) 


A "71 TI y1 /I A\ 

0. /3z34 (10) 


A AO A A /' A\ 

O.Uz44 (4) 


C4A 


0.7229 (3) 


0.3614 (2) 


A Z'A/( /(A /I A\ 

0.69440 (10) 


A A'^ ^0 / A\ 

0.0253 (4) 


/^C A 
C3A 


U-oVoo (3) 


0.3M / (1) 


O.ozoyo (10) 


A AOOO /'A\ 

0.0z88 (4) 


H5A 


0.6272 


A 0 C AA 

0.2590 


A ZTAOT 

0.6027 


A AO C A 

0.035* 


CoA 


0. /6y4 (3) 


0.4 /46 (i) 


A CA/IAT /I A\ 

0.59403 (10) 


A AOAC ^A\ 

0.02y5 (4) 


C7A 


0.8656 (3) 


A 1 A A /O \ 

0.6109 (3) 


A /'OACO /I IN 

0.63058 (11) 


A AOOO / C\ 

0.0332 (5) 


H7A 


0.9159 


0.6967 


0.6091 


A A >1 A A 

0.040* 




A 00 OA /IN 

0.8889 (3) 


A ZTT) A /0\ 

0.6230 (2) 


A £^f\nr\A /I 1 \ 

0.69794 (11) 


A AO AT / A\ 

0.0307 (4) 


XJO A 


0.9542 


ATI nc\ 

0. /I /9 


A 1 0 
0. /2l6 


0.03 


C9A 


0.7471 (4) 


A A C /' C\ /O \ 

0.4560 (3) 


A C'^f\^^ /I IN 

0.52077 (11) 


A A y1 0 1 /Z"\ 

0.0431 (6) 


T in A A 

HyAA 


0.8343 


A 1 AO C 

0.3935 


A C AO 0 

0.5038 


A AZTC * 

0.065* 




0.7712 


A CCA 1 

0.5591 


A CAC^ 

0.5056 


A A^CA 

0.065* 




0.6213 


0.4U33 


A CACA 

0.5050 


0.065* 


ClOA 


0.9427 (5) 


0.6663 (3) 


f\ 0^01*0 /10\ 

0.84219 (12) 


0.0476 (7) 


HlOA 


0.8864 


0.6808 


A 0 00 "O 

0.8832 


A AT 1 ik 

0.071* 


XJ1 r\T} 
rllUrJ 


u.y2 / 1 


A TC 1 C 


U.0I66 


A ATI 4C 


HIOC 


1.0741 


0.6666 


0.8518 


0.071* 


CllA 


0.6132 (6) 


-0.0035 (3) 


0.91371 (15) 


0.0679 (11) 


T T 1 1 A 


A CI 0 1 

0.5281 


A A 1 1 T 

0.0117 


0.9474 


A AO 1 A 

0.081^ 


XJ1 1 "D 

HUB 


ATI nn 


A A/I OA 

— U.U43y 


A AOO 0 

0.933© 


A AO 1 at 
O.Ool^ 


1 'I A 

ClzA 


0.5 152 (5) 


A 1100 /O \ 

-0.1188 (3) 


0.85797 (16) 


A AjCAA /A\ 

0.0609 (9) 


H12A 


0.6030 


-0.1424 


0.8271 


A AA 1 sk 

0.091* 


HlZD 


0.4ioo 


A [\n A c 
—0.0 /45 


A O'^ CO 

O.o35o 


A AA1 * 
0.091 


TT1 

H12C 


0.4596 


A 0 1 /I A 

—0.2149 


A on A C 

0.8745 


A AA 1 ik 
0.091* 


SIB 


A T7CO^ /A\ 

0.27526 (9) 


All c^r\ /ox 

0.11629 (8) 


A CAATA /0\ 

0.50079 (3) 


0.03846 (17) 


OIB 


A AOOO /T\ 

0.0388 (3) 


A AA/1TO / 1 A\ 

-0.00478 (19) 


A OOC/'A /A\ 

0.22569 (9) 


AA/1/10 /C\ 

0.0442 (5) 


111 1 1 


0.0632 


—0.0032 


0.2661 


0.066* 


XT 1 

N IB 


U.344U (3j 


A ACO /I 

0.0524 (2) 


U.3 / /y / (y) 


U.U32S (4) 


HiBA 


A '? 1 1 -1 

(J. 3 1 14 


A AAA A 
U.UUU4 


U.338o 


A A'3 A* 

u.u3y* 


JNzB 


0.0643 (3) 


— 0.U663 (2) 


A ^A'3'7'5 /A\ 

0.4U3 /3 (y) 


A A'JOO ^ A\ 

0.0322 (4) 


1 1 "> 1 1 

HzB 


A AAO 

— U.0U52 


A 1 A'T/C 

—0.10/6 


0.4323 


A A'^n* 
0.039* 


XT'! 

JN3B 


A A 1 1 T /I \ 

U.Ul 12 (i) 


A AAOC /T\ 

— U.Uy85 (2) 


A 'J 'J ^ /A\ 

U.33 1 11 (y) 


A Aom / A\ 

U.U2y/ (4) 


CIB 


0.2276 (3) 


A AO 1 0 /'^X 

0.0313 (2) 


0.42314 (11) 


A AO A-O / y1 \ 

0.0302 (4) 


/' ■ ") 13 

CzB 


A 1 1 1 A /I \ 

— U.lliU (i) 


—0.2211 (2) 


0.31440 (11) 


A AOTC 

0.02/5 (4) 


C jB 


—(J. 1631 (3) 


— 0.242U (2) 


A T/1'5TC /I A\ 

0.243 /5 (lU) 


A AO A //I \ 

U.U26y (4) 


C4B 


-0.0889 (3) 


-0.1338 (2) 


0.20249(11) 


0.0304 (4) 


C5B 


-0.1424 (3) 


-0.1555 (3) 


0.13613 (12) 


0.0335 (5) 


H5B 


-0.0930 


-0.0789 


0.1099 


0.040* 


C6B 


-0.2666 (3) 


-0.2867 (3) 


0.10702 (12) 


0.0341 (5) 


C7B 


-0.3400 (3) 


-0.3951 (3) 


0.14698(13) 


0.0383 (5) 
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H7B 


— 0.4z54 


A AO CO 


A 1 'I 

0.1282 


A A ^ ZT* 

0.046^ 




C8B 


-0.2904 (3) 


-0.3726 (3) 


0.21335 (12) 


A AOCA / C\ 

0.0350 (5) 




T TOT> 

Hod 


—0.3441 


A A Anc\ 

— 0.44/y 


0.23y4 


A A/ll* 

0.042^ 




C9B 


-0.3194 (4) 


A 1 1 1 1 /ON 

-0.3111 (3) 


A A'^ A'lC /I 

0.03475 (12) 


f\ f\ A A'^ / /'\ 

0.0442 (6) 




H9BA 


—0.4496 


-0.3057 


0.0261 


0.066* 




H9BB 


-0.2987 


-0.4138 


0.0166 


0.066* 




1 1 n 15 /' ' 


—0.2443 


— o.z/yo 


A A1 A1 

0.0i4j 


0.066^^ 




ClOB 


-0.1944 (3) 


-0.3386 (3) 


0.35613 (12) 


A AO C A / C\ 

0.0354 (5) 




T T 1 nr^ 


—0.3220 


A T O 1 

-0.32ol 


0.3611 


A AC? * 

0.053* 




HiUb 


A 1 O ^ 1 

—0.1241 


A n AO 

— 0.3205 


A in AO 
0.3992 


A AC1 * 

0.0j3* 




HIOF 


A 1 A 1 O 

-0.1918 


A A A At\ 

—0.4440 


0.3354 


0.053* 




CllB 


A ClOT i A\ 

0.5237 (4) 


0.1568 (3) 


0.38931 (12) 


A A /I 1 A 

0.0419 (6) 










fl 4777 






HllD 


0.5078 


0.2634 


0.4058 


0.050* 




C12B 


0.6130(6) 


0.1606 (6) 


0.32810(19) 


0.0867 (14) 




H12D 


0.5308 


0.1899 


0.2942 


0.130* 




H12E 


0.6394 


0.0572 


0.3141 


0.130* 




H12F 


0.7281 


0.2373 


0.3354 


0.130* 




Atomic displacement parameters (A^) 














SIA 


0.0474 (4) 


0.0438 (3) 0.0272 (3) 


-0.0004 (3) 


0.0005 (2) 


0.0092 (2) 


OlA 


0.0507 (10) 


0.0243 (7) 0.0290 (8) 


-0.0091 (7) 


0.0076 (7) 


-0.0001 (6) 


NIA 


0.0690 (15) 


0.0318(10) 0.0271 (10) 


-0.0068 (10) 


0.0037 (9) 


0.0063 (8) 


N2A 


0.0386 (10) 


0.0245 (8) 0.0234 (8) 


0.0036 (7) 


0.0032 (7) 


0.0019 (6) 


N3A 


0.0328 (9) 


0.0235 (8) 0.0227 (8) 


0.0047 (7) 


0.0042 (6) 


0.0019 (6) 


CIA 


0.0380(11) 


0.0282 (10) 0.0264 (10) 


0.0050 (9) 


0.0067 (8) 


0.0042 (8) 


C2A 


0.0319(10) 


0.0189 (8) 0.0275 (10) 


0.0053 (8) 


-0.0001 (8) 


0.0018 (7) 


C3A 


0.0279 (9) 


0.0185 (8) 0.0256 (9) 


0.0031 (7) 


0.0001 (7) 


0.0013 (7) 


C4A 


0.0266 (9) 


0.0202(8) 0.0280(10) 


0.0015 (7) 


0.0041 (7) 


0.0018 (7) 


C5A 


0.0297 (10) 


0.0253 (9) 0.0286 (10) 


0.0019 (8) 


0.0005 (8) 


-0.0024 (7) 


C6A 


0.0342 (10) 


0.0287 (10) 0.0254 (10) 


0.0069 (9) 


-0.0004 (8) 


0.0025 (7) 


C7A 


0.0439 (12) 


0.0249(9) 0.0294(11) 


0.0014 (9) 


-0.0008 (9) 


0.0075 (8) 


C8A 


0.0395 (11) 


0.0195 (8) 0.0307 (11) 


0.0017 (8) 


-0.0022 (8) 


0.0030 (7) 


C9A 


0.0560 (16) 


0.0437(13) 0.0259(11) 


0.0024 (12) 


-0.0011 (10) 


0.0030 (9) 


ClOA 


0.080 (2) 


0.0258 (11) 0.0280 (12) 


-0.0066 (12) 


-0.0112(12) 


0.0026 (8) 


CllA 


0.120 (3) 


0.0359 (14) 0.0379 (15) 


-0.0174 (17) 


0.0104(17) 


0.0114(11) 


C12A 


0.079 (2) 


0.0331 (13) 0.062(2) 


-0.0119(15) 


0.0111 (16) 


0.0024 (12) 


SIB 


0.0403 (3) 


0.0435 (3) 0.0269 (3) 


-0.0003 (3) 


0.0034 (2) 


-0.0028 (2) 


OIB 


0.0627 (12) 


0.0257 (8) 0.0350 (9) 


-0.0126 (8) 


-0.0058 (8) 


0.0044 (6) 


NIB 


0.0359 (9) 


0.0302 (9) 0.0274 (9) 


-0.0044 (8) 


0.0045 (7) 


-0.0021 (7) 


N2B 


0.0342 (9) 


0.0326 (9) 0.0271 (9) 


-0.0002 (8) 


0.0056 (7) 


0.0000 (7) 


N3B 


0.0313 (9) 


0.0275 (8) 0.0281 (9) 


0.0017 (7) 


0.0014 (7) 


0.0000 (7) 


CIB 


0.0345 (10) 


0.0262 (9) 0.0280 (10) 


0.0023 (9) 


0.0004 (8) 


0.0019 (8) 


C2B 


0.0271 (9) 


0.0222(9) 0.0329(11) 


0.0047 (8) 


0.0058 (8) 


0.0007 (7) 


C3B 


0.0263 (9) 


0.0211 (9) 0.0325 (11) 


0.0043 (8) 


0.0027 (8) 


0.0000 (7) 


C4B 


0.0345 (11) 


0.0198 (9) 0.0351 (11) 


0.0035 (8) 


0.0003 (8) 


0.0011 (8) 


C5B 


0.0361 (11) 


0.0277 (10) 0.0364 (12) 


0.0070 (9) 


0.0002 (9) 


0.0039 (8) 


C6B 


0.0327(11) 


0.0321 (11) 0.0370(12) 


0.0104 (9) 


-0.0016 (9) 


-0.0015 (9) 
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V-- / J_> 




\J.\JJ 1 z. Ill ^ 


0 044? (]d\ 






\j ,\j\j'-tkj yy J 


C8B 


0.0331 (11) 


0.0274 (10) 


0.0412 (13) 


-0.0019 (9) 


0.0038 (9) 


0.0014 (9) 


C9B 


0.0433 (13) 


0.0496 (15) 


0.0361 (13) 


0.0088 (12) 


-0.0071 (10) 


-0.0032(11) 


ClOB 


0.0385 (12) 


0.0301 (11) 


0.0359 (12) 


-0.0005 (9) 


0.0085 (9) 


0.0042 (9) 


CUB 


0.0397 (12) 


0.0426(13) 


0.0351 (13) 


-0.0111 (11) 


0.0015 (10) 


0.0010(10) 


C12B 


0.067 (2) 


0.104 (3) 


0.067 (2) 


-0.037 (2) 


0.0288 (18) 


-0.016(2) 



Geometric parameters (A, °) 



SIA— CIA 


1.669(2) 


SIB— CIB 


1.681 (2) 


OlA— HIA 


0.8400 


OIB— HIB 


0.8400 


OlA— C4A 


1.357 (2) 


OIB— C4B 


1.358 (3) 


NIA— HIAA 


0.8800 


NIB— HIBA 


0.8800 


NIA— CIA 


1.330 (3) 


NIB— CIB 


1.327 (3) 


NIA— CI 1 A 


1.459(3) 


NIB— CUB 


1.465 (3) 


N2A— H2A 


0.8800 


N2B— H2B 


0.8800 


N2A— N3A 


1.379 (2) 


N2B— N3B 


1.387 (3) 


N2A— CIA 


1.359 (3) 


N2B— CIB 


1.360 (3) 


N3A— C2A 


1.290 (3) 


N3B— C2B 


1.297 (3) 


C2A— C3A 


1.474 (3) 


C2B— C3B 


1.469 (3) 


C2A— ClOA 


1.496 (3) 


C2B— ClOB 


1.497 (3) 


C3A— C4A 


1.412(3) 


C3B— C4B 


1.414(3) 


C3A— C8A 


1.406 (3) 


C3B— C8B 


1.404 (3) 


C4A— C5A 


1.386 (3) 


C4B— C5B 


1.384 (3) 


C5A— H5A 


0.9500 


C5B— H5B 


0.9500 


C5A— C6A 


1.389 (3) 


C5B— C6B 


1.388 (3) 


C6A— C7A 


1.390 (3) 


C6B— C7B 


1.394 (3) 


C6A— C9A 


1.501 (3) 


C6B— C9B 


1.500 (3) 


C7A— H7A 


0.9500 


C7B— H7B 


0.9500 


C7A — C8A 


1.383 (3) 


C7B — C8B 


1.379 (3) 


C8A— H8A 


0.9500 


C8B— H8B 


0.9500 


C9A— H9AA 


0.9800 


C9B— H9BA 


0.9800 


C9A— H9AB 


0.9800 


C9B— H9BB 


0.9800 


C9A— H9AC 


0.9800 


C9B— H9BC 


0.9800 


ClOA— HI OA 


0.9800 


ClOB— HI OD 


0.9800 


ClOA— HlOB 


0.9800 


ClOB— HlOE 


0.9800 


ClOA— H IOC 


0.9800 


ClOB— HI OF 


0.9800 


CllA— HUA 


0.9900 


CUB— HllC 


0.9900 


CI 1 A— HUB 


0.9900 


CUB— HI ID 


0.9900 


CllA— C12A 


1.497 (4) 


CUB— C12B 


1.476 (4) 


C12A— H12A 


0.9800 


C12B— H12D 


0.9800 


C12A— H12B 


0.9800 


C12B— H12E 


0.9800 


C12A— H12C 


0.9800 


C12B— H12F 


0.9800 


C4A— OlA— HIA 


109.5 


C4B— OIB— HIB 


109.5 


CIA— NIA— HIAA 


118.1 


CIB— NIB— HIBA 


118.0 


CIA— NIA— CllA 


123.7 (2) 


CIB— NIB— CUB 


124.01 (19) 


CllA— NIA— HIAA 


118.1 


CUB— NIB— HIBA 


118.0 


N3A— N2A— H2A 


120.1 


N3B— N2B— H2B 


121.2 


CIA— N2A— H2A 


120.1 


CIB— N2B— H2B 


121.2 
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1 A XT-^ A XT') A 

CIA — N2A — N5A 


1 1 r\ no /I 

119.78 (17) 


/"^"^ A XT'? A XT-^ A 


119.35 (17) 


XT 1A /~^1A 01A 

JNIA — CIA — blA 


123.78 (17) 


XT 1 A 1 A XT'^ A 

NIA — CIA — N2A 


116.28 (19) 


XT^ A 1 A O 1 A 

NzA — CIA — SIA 


119.91 (16) 


XTT A A A 

N3A — CzA — C3A 


117.47 (17) 


XTT A /~^^ A 1 rt A 

N 3 A — Cz A — C 1 OA 


Izz.zO (19) 


C3A — CzA — CI OA 


120.34 (18) 


C4A — C3A — CzA 


122.63 (1 /) 


C8A — C3A — C2A 


1 '^A AA /I n\ 

120.90 (17) 


CoA — CJA — C4A 


116,43 (18) 


OlA — C4A — C3A 


I'T^ AT /10\ 

122.03 (18) 


U 1 A — C4 A — C J A 


116.98 (1 /) 


C5A — C4A — C3A 


1 1 A A / 1 0\ 

121.00 (18) 


C4A — C5A — H5A 


119.3 


C4A — C5A — C6A 


1^1 /I /' / 1 A\ 

121.46 (19) 


CoA — CjA tljA 


iiy.3 


C5A — C6A — C7A 


118.27 (19) 


C5A — C6A — C9A 


1 1 A O 

119.8 (2) 


C7A — Co A — C9A 


121.9 (2) 


A A TTT A 

CoA — C7A — H7A 


1 1 A T 

119.7 


C8A — C7A — CoA 


1 A 11 A /I A\ 

120.64 (19) 


CoA — C7A — H7A 


119.7 


/^T A /^O A TTO A 

C3A — CoA — W&A 


1 1 O A 

118.9 


C7A — C8A — C3A 


1 '^'l 1 C /I A\ 

122.15 (19) 


A /^O A TTO A 

C7A — C8A — HbA 


118.9 


/' A i~*C\ A TTr\ A A 

C6A — C9A — H9AA 


109.5 


A r^C\ A TTr\ A D 

CoA — CyA — HyAB 


1 AA C 

109.5 


CoA — cyA — ^HyAC 


1 AA C 

109.5 


TTr\ A A /" (\ A TTr\ A 7~> 

H9AA — C9A — H9AB 


109.5 


H9AA — C9A — ^H9AC 


109.5 


H9AB — C9A — H9AC 


1 AA C 

109.5 


r^/^ K ^lAA TT1 A 

CzA — C 1 OA — 1 OA 


1 AA C 

109.5 


C2A — CI OA — HI OB 


109.5 


C2A — CI OA — ^HIOC 


109.5 


TT1 A A 1 A A TT1 ATI 

HlOA — ClOA — HlOB 


1 AA C 

109.5 


TT1AA /^lAA TTIA/^ 

HlOA — ClOA — HIOC 


1 AA C 

109.5 


T T 1 I \ r> 1 r\ A T T 1 A/^ 

HlOB — ClOA — HIOC 


109.5 


XT 1 A /' 11A TT11A 

NIA — CllA — ^HllA 


109.7 


XT1 A 1 1 A TT1 1 

NIA — CllA — ^HllB 


1 AA T 

109.7 


XT 1 A /" 1 1 A /'"-" 1 '^ A 

NIA — CllA — C12A 


1 AA O 

109.8 (2) 


T T 1 1 A /" 1 1 A T T 1 1 T^ 

HllA — CllA — HUB 


108.2 


/"'I'^A /~^11A TT11A 

C12A — CllA — HllA 


1 AA T 

109.7 


C12A — CllA— HUB 


109.7 


CllA— C12A— H12A 


109.5 


CllA— C12A— H12B 


109.5 


CllA— C12A— H12C 


109.5 


H12A— C12A— H12B 


109.5 


H12A— C12A— H12C 


109.5 



1 T-> XT'^T) XT')T~> 

C 1 B — N zB — N 3 B 


1 1 T C C /I 0\ 

117.55 (18) 


/"''^ XTO T^ XT'! 

CzB — N3B — NzB 


120.16 (18) 


jN IB — CIB — a IB 


123.27 (17) 


JN IB — CIB — JNzB 


1 1 ^ '^A /I A\ 

116.29 (19) 


XnT^ 1 T^ C 1 T~> 

N zB — C 1 B — J) 1 B 


1 A A A /I '7\ 

120.44 (17) 


N3B — CzB — C3B 


116.11 (18) 


N3B — C2B — C 1 OB 


123.4 (2) 


/^1T~> /^^T> 1 AT> 

C3 B — CzB — C 1 OB 


1 O A C 1 /I 0\ 

120.51 (18) 


C4B — C3B — CzB 


122.56 (18) 


/^01~* /^OT~l /^^Fl 

C8B — C3B — C2B 


121.23 (19) 


o 1 -) f ■ I "1 /II") 

C8B — C3B — C4B 


116,2 (2) 


0 1 B — C4B — C3B 


1 'I 1 A A / 1 A\ 

121.90 (19) 


UiB — C4B — CjB 


11^ OA /I A\ 

lio.oO (19) 


C5B — C4B — C3B 


1 1 A /I A\ 

121.29 (19) 


C4B — C5B — H5B 


119.3 


C4B — C5B — C6B 


121.4 (2) 


r /T rt ("^ C n TTCT^ 

CoB — C5B — H5B 


1 1 A O 

119.3 


C5B — C6B — C7B 


1 1 O A /''*>\ 

118.0 (2) 


C5B — C6B — C9B 


1 'I A A /I \ 

120.9 (2) 


C7B — C6B — C9B 


121.1 (2) 


f^U'Vi /"ITTJ TTTTi 

CoB — C7B — ^H7B 


1 1 A C 

119.5 


C 8B — C7B — C6B 


120.9 (2) 


C8B — C7B — H7B 


119.5 


C3B — CoB — HoB 


1 1 O A 

118.9 


/~^nT^ /~*OT> /~^1T> 

C7B — CoB — C3B 


122.2 (z) 


/'"• ~J r> /'■'() r-) TTOT~i 

C7B — C8B — H8B 


118.9 


A ^ /" r-) /^AT~i TTAT~1 A 

C6B — C9B — H9BA 


109.5 


/" ^ /" o /^AT~> TTAT>T~> 

CoB — C9B — H9BB 


1 AA C 

109.5 


CoB — C9B — H9BC 


1 AA C 

109.5 


TTA7~> A /^A7~> TTAT~J7~> 

H9BA — C9B — H9BB 


109.5 


H9BA — C9B — H9BC 


109.5 


H9BB — C9B — ^H9BC 


1 AA ^ 

109.5 


^'^Tl 1 AT> TT1 AT\ 

CzB — C 1 OB — H 1 OD 


1 AA C 

109.5 


C2B — C 1 OB — H 1 OE 


109.5 


/-\ i~i /"I 1 AT~> TT1 AT^ 

C2B — C 1 OB — H 1 OF 


109.5 


TT1 AT\ 1 ATI TT1 ATI? 

HIOD — CI OB — HI Ob 


1 AA C 

109.5 


TT1 AT~\ 1 AT~> TT1 AT^ 

H 1 OD — C 1 OB — H 1 OF 


109.5 


T T 1 AT^ /' ' 1 AT~1 T T 1 Ar 

HlOE — CI OB — HI OF 


109.5 


XT 1 /' ' 1 1 T~l T T 1 1 /"^ 

NIB — CUB — HllC 


109.6 


XT1 fi /~1 1 1 TT 1 1 

NIB — CI IB — HI ID 


1 AA ^ 

109.6 


XT 1 T") 1 1 T^ 1 H~> 

NIB — CUB — C12B 


1 1 A //\\ 

110.2 (2) 


I 1 1 T /' ^ 1 1 T^ T T 1 1 

HllC — CUB — HI ID 


108.1 


C12B — CUB — HllC 


1 AA /T 

109.6 


C12B— CUB— HllD 


109.6 


CUB— C12B— H12D 


109.5 


CUB— C12B— H12E 


109.5 


CUB— C12B— H12F 


109.5 


H12D— C12B— H12E 


109.5 


H12D— C12B— H12F 


109.5 
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H12B— C12A— H12C 


1 Art C 

109. 5 


TT1 ^TD 


— CI 2b — H12r 


1 f\Ct C 

109.5 


OlA- 


-C4A— C5A— C6A 


-177.9 (2) 


OIB— 


-C4B — C5B — C6B 


177.4 (2) 


N2A- 


-N3A— C2A— C3A 


1 TO '>rt /I n\ 

178.30 (17) 


JN2B— 


XT'>'r> /~^Tr> /~<'^T> 

-JN3b — C2b — C3b 


177.79 (18) 


N2A- 


-N3A— C2A— ClOA 


-1.6 (3) 


N2B— 


-N 3 b — C2b — C 1 Ob 


-3.3 (3) 


N3A- 


-N2A— CIA— SIA 


175.07 (16) 


N3B— 


-N2B — CIB — SIB 


162.66 (16) 


N3A- 


-N2A— CIA— NIA 


-6.7 (3) 


N3B— 


xT'^n 1 n XT1 T> 

-N2B — C 1 B — ^N 1 B 


-18.2 (3) 


N3A- 


-C2A— C3A— C4A 


4.4 (3) 


XT'? T~> 

Nib- 


-L2b — C3b — L4b 


1 A \ 

-1.4 (3) 


N3A- 


-C2A— C3A— C8A 


1 1 /1\ 

-173.1 (2) 


XT') T5 
Nib— 


/^on /^Tn /~^OTj 

-C2b — L3 b — L 8b 


178.3 (2) 


ClA- 


-NIA— CllA— C12A 


.2 (3) 


Clb— 


XT1T1 /^1^T> 

-N lb — Cllb — C12b 


-176.4 (3) 


ClA- 


-N2A— N3A— C2A 


-179.6 (2) 


CIB— 


-N2B — ^N3B — C2B 


160.1 (2) 


C2A- 


-C3A— C4A— OlA 


1.3 (3) 


Czb— 


-C 3 b — C4b — 0 1 b 


1.3 (3) 


C2A- 


-C3A— C4A— C5A 


1 TO 1/1/1 r\\ 

—179.14 (19) 


Czb— 


/^Tr> /~^/1T~> /^CTJ 

-C3b — C4b — C5b 


1 TA 1 /-^X 

-179.1 (2) 


C2A- 


-C3A— C8A— C7A 


177.6 (2) 


C2B— 


/~^'>'r> /~ioT» /~*Tr» 

-C3B — C8B — C7B 


1 TA /I /'*\\ 

-179.4 (2) 


C3A- 


-C4A— C5A— C6A 


2.6 (3) 


C3B— 


-C4B — C5B — C6B 


-2.1 (3) 


C4A- 


-C3A— C8A— C7A 


0.0 (3) 


C4B- 


-C3B— C8B— C7B 


0.3 (3) 


C4A- 


-C5A— C6A— C7A 


-2.0 (3) 


C4B- 


-C5B— C6B— C7B 


1.5 (3) 


C4A- 


-C5A— C6A— C9A 


176.5 (2) 


C4B- 


-C5B— C6B— C9B 


-178.2 (2) 


C5A- 


-C6A— C7A— C8A 


0.4 (4) 


C5B- 


-C6B— C7B— C8B 


-0.1 (4) 


C6A- 


-C7A— C8A— C3A 


(\ £^ i A\ 

0.6 (4) 


C6B- 


-C7B— C8B— C3B 


C\ O / A\ 

-0.8 (4) 


C8A- 


-C3A— C4A— OlA 


mod 

178.9 (2) 


C8B— C3B— C4B— OIB 


—178.4 (2) 


C8A- 


-C3A— C4A— C5A 


-1.5 (3) 


C8B— C3B— C4B— C5B 


1.1 (3) 


C9A- 


-C6A— C7A— C8A 


-178.0(2) 


C9B- 


-C6B— C7B— C8B 


179.7 (2) 


ClOA- 


— C2A— C3A— C4A 


-175.7 (2) 


ClOB- 


— C2B— C3B— C4B 


179.7 (2) 


C 1 OA— C2A— C3 A— C8A 


6.8 (3) 


C 1 OB— C2B— C3B— C8B 


-0.6(3) 


CllA- 


-NIA— CIA— SIA 


-2.5 (4) 


CllB- 


-NIB— CIB— SIB 


-2.9 (3) 


CllA- 


-NIA— CIA— N2A 


179.4 (3) 


CllB- 


-NIB— CIB— N2B 


178.0 (2) 



Hydrogen-bond geometry (A, °) 



D—n-A 


Z)— H 


H-v4 


D-A 


D—n-A 


OU— HU-N3.4 


0.84 


1.85 


2.589 (2) 


146 


ClO^— HlOS-Olfi' 


0.98 


2.45 


3.406 (3) 


164 


OlS— H1S-N3S 


0.84 


1.81 


2.545 (2) 


146 


NIS— HIS^-OU" 


0.88 


2.36 


3.076 (2) 


139 


N2fi— H2S-S1S"' 


0.88 


2.52 


3.320 (2) 


152 



Symmetry codes: (i) -y^\, -z+1; (ii) -xf 1, -y, -z+1; (iii) -x, -y, -z+1. 
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